Introduction
It has been increasingly appreciated in recent years that the short-term variability (STV) of the baseline fetal heart rate (FHR) represents one of the most significant predictors of fetal well-being in labor [2] . The variability is produced by the continuous dynamic interaction that exists between the fetal sympathetic and parasympathetic cardioregulatory mechanisms, and thus requires continuing existence of a normally functioning fetal central nervous system and an intact responsiveness of the fetal heart [5] . However, reliable quantification of STV by visually assessing the FHR waveforms produced by commercial fetal monitors is difficult and suffers from inaccuracies. Controlled studies involving known experts have shown low correlation between visual subjective and stochastic quantification of STV [1] . It is obvious that if STV is to be a consistently reproducible parameter of electronic fetal monitoring, it should be objectively quantified. YEH, et al., [8] , have described a quantitative measure of STV called the Differential Index, which is defined in terms of the standard deviation of the differences between adjacent R-R time intervals in the fetal electrocardiogram. In order to compute the adjacent R-R time intervals, the fetal EKG is generally processed by a computer, and the complexity of these analyses has limited the clinical application of this index. In order to circumvent this problem, we have developed, and described elsewhere [4, 7] , a method for computing STV from the slowly varying fetal heart rate waveform rather than from the relatively rapidly varying fetal electrocardiogram. This paper describes the clinical utilization of this technique, and presents results indicative of the significance of STV in intrapartal assessment.
Methodology
As described elsewhere [4, 7] , we define STV during some fixed time-window as the corrected maximum deviation of the instantaneous fetal heart rate from the heart-rate trend. This method was found to correlate excellently with the Differential Index, but proved to be much more efficient in terms of computational requirements. Fig. 1 demonstrates the correlation between STV computed in this manner, and the Differential Index for 3 hours of fetal data. The clinical significance of STV computed by this method was evaluated retrospectively in a patient population monitored during labor. FHR was monitored by means of a scalp electrode, and contractions by an external tocotransducer using a commercial fetal monitor (COROMETRICS model 112). The signals were digitized onto IBM-compatible 9-track digital magnetic tape using a PERKIN-ELMER Model 7/32 minicomputer at a sampling rate of 240 milliseconds. The digitized signals were then analyzed off-line for STV and FHR. For each patient, baseline periods were visually identified, subject to the criterion that they begin at least 30 seconds after the end of a contraction or periodic heart rate pattern, and end at least 30 seconds before the next contraction or periodic heart rate pattern. For each patient, about 600 clinical variables encompassing antepartum history to neonatal outcome were entered into the computer using an optical technique described elsewhere [6] . These data were used to comprehensively score neonatal outcome using HOBEL's neonatal risk assessment scheme [3] .
Results
The population comprised 45 patients with gestational ages ranging from 30 to 42 weeks. Values of V imean ranged from 1.21 b.p.m. to 6.47 b.p.m., with a median value of 2.75 b.p.m. The highest value of V istd was 2.57 b:p.m. Based on the median value of V imean , the patient population was divided into a low-variability group (V imean < 2.75 b.p.m.: 22 patients), and a highvariability group (Vi mean > 2.75 b.p.m.: 23 patients). Application of the STUDENT'S t-test on values of Vy for these two populations showed them to differ significantly in baseline variabilities (P < 0.001). This is also indicated by the fact that values of V istd are much smaller than the range of values of V imean . It is therefore justified to classify patients into low-and high-variability groups based on Vi 'mean Neonatal outcome in each of these patients was evaluated by means of HOBEL's neonatal risk assessment score. It was arbitrarily decided to consider a risk score less than or equal to 75 as low-risk, and scores greater than 75 as belonging to the high-risk category. Fig. 2 is a scatter diagram showing the incidence of high-and low-variability in the low-and high-risk neonatal outcome groups. 28.7% of the lowvariability population resulted in poor outcome, while only one patient out of 23 (4.3 %) in the high-variability population had a high-risk HOBEL score. 6 out of 7 patients in the high-risk outcome group were correctly predicted by low STV. However, 15 out of the total of 45 patients fell into the low-risk outcome group inspite of showing low STV, resulting in an over-all false alarm rate of 33.3%. Nevertheless, STUDENT'S t-test analysis on the high-and low-risk population showed that their mean short term variabilities were different at the 5 % level (P = 0.026). The mean short term variabilities of the low-and high-risk groups were 3.31 and 2.27 b.p.m. respectively. Tab. I lists how the low-and high-variability groups performed when APGAR scoring was used for neonatal assessment. Again, it is observed that the low-variability group was associated with a higher incidence of poor 1-minute and 5-minute APGAR scores than was the high-variability group.
Tab. I. 
Conclusion
Several methods have been proposed to quantifiy STV. The most widely accepted of these in thê DIFFERENTIAL INDEX proposed by YEH & HON [8] . This index is based ,φη the statistics of R-R time-interval differences. Its computation requires either the use of special hardware to digitize these time-intervals, or computer processing of the fetal electrocardiogram for R-wave detection and interval computation. This has virtually limited its use to the research environment. R-R interval information is present in the instantaneous FHR waveform produced by commercially available monitors, since instantaneous FHR is merely the reciprocal of R-R time intervals. However, computation of STV therefrom is complicated by the fact that this waveform does not explicitly identify the exact instants of time when heart-beats occur.
We have previously described [4, 7] a method for quantifiying STV in terms of beats per minute from the slowly-varying instantaneous FHR waveform rather than from the relatively rapidlyvarying fetal electrocardiogram. Results produced by this method were found to correlate excellently with the DIFFERENTIAL INDEX, but the required computation time was reduced drastically compared with computation of the DIFFERENTIAL· INDEX from the fetal electrocardiogram [7] . Further, this method can be readily implemented on a small labor-room microcomputer without any additional hardware, and results can be made available in real-time. Using our method for quantifiying STV, this study confirms that low STV is associated with poor neonatal outcome. We have used a comprehensive index of neonatal assessment [3] rather than the APGAR scoring system in order to more reliably study the significance of STV. Like other FHR monitoring indices, it is a sensitive but not very specific indicator of fetal compromise. It appears to be particularly useful as an additional diagnostic tool at gestational ages greater than 34 weeks. These results form the basis for an on-going prospective study involving more patients and including the time-sequential effects of such factors as medications and fetal rest-activity cycles to more thoroughly evaluate the significance of STV as an indicitor of fetal wellbeing. (Fig. 1) showed that 28.7 % of the low-variability population were associated with a poor outcome compared with 4.3% in the high-variability group. However, there was a false alarm rate of 33.3%. STUDENT'S t-test on the high-and low-risk populations showed that their mean baseline STV values were different at the 5 % level (P = 0.026). It was also observed that the low-variability group was associated with a higher incidence of poor 1-minute and 5-minute APGAR scores than was the high-variability group. A marked reduction of STV was also noted ( Im t-Test ergab die Prüfung der mittleren Basalfrequenzschwankungen fur diese beiden Gruppen einen signifikanten Unterschied (p < 0,001) was unsere Vorgehensweise rechtfertigt. Die Analyse der Ergebnisse (Fig. 1) (Fig. 1 ) montre que 28,7 % de la population avec variabilite faible est associee ä un devenir mediocre en comparaison des 4,3% dans le groupe avec variabilite elevee. Cependant, il y a un pourcentage de faux positifs de 33,3 %. Le t. test des etudiants sur les populations ä haut et ä bas risques montre que les valeurs basales moyennes de la V.C.T. sont differentes au seuil de 5% (P = 0,026). On a observe egalement que le groupe avec une variabilite basse est associe ä une incidence plus elevee de scores d'APGAR bas ä une minute et ä cinq minutes que dans le groupe ä variabilite elevee. Une diminution importante de la V.C.T. a egalement ete notee (Fig. 2) en meme temps que le R.C.F. des base augmente (Coefficient de correlation = -0,8546). En outre, il a ete montre que pour les termes gestationnels superieurs ä 34 semaines les cas ä haut risques sont associes au valeurs de la V.C.T. les plus basses. Cette etude demontre la possibilite d'utüisation clinique valable d'une nouvelle methode objective de quantification de la V.C.T. qui peut etre obtenue en une fraction de temps necessaire pour analyser par ordinateur l'index differentiel ä partir de l'E.C.G. foetal sans programmation speciale du Hardware. La methode peut etre realisee en temps reel sur un microordinateur' L'etude confirme egalement que les faibles V.C.T. sont associees avec un devenir neonatal mediocre.
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